This paper analyses the main institutional mechanisms that foster the emergence and the analysis in this paper shows, state support is not just implementing a set of policies that succeed elsewhere; it is the ability of the state to set up institutions that reflect a harmony between knowledge and physical infrastructure and the formal and informal institutional compensations that are important to, and structure the idiosyncratic exchange processes of developing economies.
Introduction
This paper analyzes the determinants of innovation and firm performance resulting from collaborative learning in the South African and Malaysian computer sector, which consists of software and hardware specialized firms. The analysis focuses on two main propositions. The first is to examine the well-established notion that the microeconomic processes of interactive learning leads to innovation even in the context of a latecomer economy. The second proposition is that firms in a latecomer economy require state support to produce and innovate because markets do not function well. In such contexts policy choices made are instrumental in explaining the success/ failure of sectors.
However, as the analysis in this paper shows, state support is not just implementing a set of policies that succeed elsewhere; it is the ability of the state to set up institutions that reflect a harmony between knowledge and physical infrastructure and the formal and informal institutional compensations are important to, and structure the i diosyncratic exchange processes of developing economies.
Essentially, technical change or innovation is largely incremental but nonetheless useful in advancing productivity growth and has been classified into three different categories (Bell, 1984) . First we have technical change that involves the introduction of new techniques (products and processes) into the economy through new investments in plants and machinery. This type of technical change broadens the industrial base of the economy. The second form of technological change involves evolutionary (incremental) improvement to existing techniques b y effecting technical change to existing products and third, the generation of new knowledge through research within the firms or within separate R&D institutions.
So how and what explains the process by which countries and firms move from one level or knowledge domain to the other? The observed structure of knowledge or sets of capabilities that one finds in an economy is a result of cumulative technological mastery and investment efforts made over a long time. In other words, technological change is a cumulative and path-dependent process, in order words, national or firm level actions Paper presented in the IV Globelics Conference at Mexico City, September 22-24 2008 taken in previous times condition the current state of capabilities. In short technological capabilities acquisition processes are not just strongly cumulative in nature they have elements of strong path dependence (Dosi, Nelson et al. 1988 ). The conceptual and empirical literature on technological capabilities (TC) blossomed in the late 1980s received considerable a ttention from the mid-1980s through and early 1990s (Westphal, Kim and Dahlman (1985; Dahlman, Ross-Larson et al,1987) ; Lall,1990 Lall, , 1992 Bell and Pavitt, 1993, 1995) . Several authors refined the typologies and elaborated upon them but essentially the key i deas revolve around the same concepts 1 . The essential elements of the framework are as follows:
1. TC focuses on efforts to "make effective use of technological knowledge in production, investment and innovation Westphal, Kim and Dahlman (1985) [p. 171]'.
2. The process has strong heuristic elements of feedback from previous experiences to current states and as such skills and knowledge gained in previous domain becomes part of the organizational memory of firms and nations that create a new capability domain resulting in more efficient techniques and systems 2 .
3. The build up of capabilities therefore entails individual and organizational "learning" (Lall, 1987 (Lall, , 1990 (Lall, , 1992 Dahlman and Westphal 1982; Katz 1984 and Dahlman, Ross-Larson et al., 1987 . The process is re-conceptualized as essentially efforts by organizations to master technological functions though learning driven by explicit investment.
4. Firms and nations require explicit investment capabilities in order to identify, prepare, design, set up and commission a new industrial project (or an expansion of it). In other words if the processes of capability build up must continue, this set of skills and experience will be built in a co-evolutionary process with technical capacity.
1 Authors Nelson and Winter (1982) developed the notions of "routines". Bell (1984) , Scott-Kemmis and Bell (1988) , Katz (1987) , used "technological capacity" to described the learning processes involved in building up a minimum base of essential knowledge to engage in innovative activity. 2 D ahlman, Ross-Larson et al., (1987) conceived TC as the ways to use existing technology to produce more efficiently and to use the experience gained in production and investment to adapt and improve the technology in use.
5. As technical change and innovation do not take place in isolation and is only possible within a network of other actors, firms and countries require a systemic framework. This has been conceptualized as "linkage capabilities" which knowledge and experience required to foster interactive learning (see point 3 above).
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However, capability acquisition is largely driven by interactive learning, which is conducted with a multiplicity of firms and non-enterprise actors in any system. A firm needs external knowledge on a continual basis to regenerate itself failing which it might well stagnate or regress. The stage-wise gradation of firm/country from one level of knowledge and technological capability to a next higher one over time reflects the heuristic feedback loops i nvolved between policies and institutions that promote interactive learning and thus help to build capacity. The mode of learning is also related to the level of capability that a firm or country has accumulated. The amount of learning and skills required to move from the lowest domain of artisanal and indigenous manufacturing to the second lowest knowledge domain of modern manufacturing are embedded in primary and secondary schooling capacities, apprenticeship training, training to read engineering designs and blueprints and organisation of production.
Several of these aspects are missing in developing countries -foundary making, metal cutting, and so on -are essential skills to move to the next higher level but a hiatus in several most developing countries since they constitute "nodes of learning" (Rosenberg, 1976) . To move from here to the next higher knowledge domain to design and reengineer products and innovate, one needs not only primary and secondary schooling but tertiary education that equips individuals with technical and analytical skills and public sector investments into building basic R&D capabilities for standards, metrology and other infrastructure. To operate in this domain, a country also requires significant entrepreneurial capabilities which act on the 'demand side' of the market, and act to stimulate demand for certain kinds of products (Rodrik, 2007) . The learning associated with transitioning to this knowledge domain is more systematic and systemic, rigorous 3 Linkage capabilities are defined as "…the capacity of forging co-operation between managers and workers within the firm, for securing co-operation between firms in the supply chain, and for crafting co-operative interfaces between firms and the wider institutional milieu, be it local, regional, or international" (Cooke and Morgan 2000) . and has to be sustained over a long period of time and capable of being replicated across several sectors. It also requires an unlearning of several of the conventional ways of conducting the innovation business in these countries. This means new perspectives on collaboration, public-private partnerships, education system design and administering of courses as well as new entrepreneurship models. For a country to move from here to the final knowledge domain where learning becomes concentrated in R&D activities and can be measured using conventional indicators, such as patents, skilled employees, and so on.
At this level, the absorptive capacity of firms/entities relies on concentrated efforts in key facilities by highly specialised individuals who conduct research and design activities (Cohen and Levinthal, 1990) . This is the level where orthodox measure of R&D as a source of national knowledge begins to apply.
Catching-up is both a mountain climbing metaphor as it is a marathon challenge where firms and countries practically run the gauntlet and whereby failure is costly. The notion of latecomer therefore signifies the fact that the entity (country or firm) is late to meeting up certain key capabilities compared with both the forerunners as well as competitors.
Economic history shows that whereas countries move easily from the lowest knowledge domain to the next higher one, moving further up into knowledge domains that focus on incremental design and innovation and then to frontier innovation is ridden with lack of success. Several countries on a supposedly sound catch-up path often do not move as predicted or regress along this path mainly due to the inability of these countries to manage the coordination efforts required in setting up a sound basis to move to the next knowledge domain. This is not surprising since the efforts required are significant and need to be designed to combat both market failure and government failure simultaneously. Merely focusing on industrial policy that does not take into account the scale effects, thresholds of scientists of engineers and minimal standards of domestic knowledge infrastructure as well as conducive policy environment for domestic innovation are common flaws in latecomer countries. In the empirical analysis, we use t -and z -tests to stress the differences between the software and hardware sectors. In the S outh African data, we consider a probit model of innovation, which is estimated by maximum likelihood and a linear and a censored regression model of economic performance. The linear regression model is estimated using ordinary least squares (OLS), instrumental variables, limited information maximum likelihood and generalized method of moments, and the censored regression is estimated using maximum likelihood. Finally, we carry out a descriptive analysis using t -and ztests to study the characteristics that distinguish collaborators from non-collaborators.
The South African Computer Sector
In South Africa, emerging high-tech activities in the computer sector have a strong geographic locus; such firms are concentrated in Gauteng and to a less extent in the Western Cape. We consider four types of actor interactions in our analysis to understand the innovation dynamics of the sector, namely: subcontractors, industry associations, main suppliers and buyers. Appendix Table 1 presents the definition of the dependent and independent variables used in the innovation and performance analysis, and Table 6 reports descriptive statistics for the whole sample, when contrasted with those of the hardware computer firms.
Sector characteristics
The descriptive statistics presented in appendix Table 1 show that 66% of all firms are involved in new product development while only 37% carry out innovation in the hardware computer sector. Hence, the percentage of firms that are involved in new product development in the software sector is much higher than in the hardware sector.
However, productivity, i.e. sales per employee (in millions of $), is higher in the computer hardware sector than in the computer software sector. In other words, sales per employee are on average about one million dollars in the whole computer sector and twice as much in the computer hardware. The figures for export intensity, i.e. the share of export sales in total sales, and increased net profit are on average similar for the computer hardware and software sectors. More specifically, export intensity is (on average) about 17% in the whole sector and 13% in the hardware sector, and net profit increased for 88% of all firms and for 84% of the computer hardware firms. In short the propensity to innovate is far higher in software firms but much overall similarities exist in the two subsystems.
The descriptive table also shows that 23% of the firms are computer hardware firms and also have the lower percentage of staff with university or technical degree (human capital) compared with the software firms. Not surprising, 73% of workers in the whole sector have a university or technical degree while the percentage is only 55% in the hardware sector. The figures for firm size, upgrade activities, technology source, government support, customer demand, technical capability and training in the whole sector are contrasted with those of the same variables in the hardware sector. On average hardware firms are much larger in size than software firms. More specifically, the former are on average three times as large, in terms of employees, and four times as large, in terms of sales, as firms in the software sector. Second, the percentage of firms that upgrade with reverse engineering and original design is on average larger in the software than in the hardware sub-sector, while firms that upgrade with original brand is larger in the latter sub-sector compared with the former. Firms that upgrade with quality control are on average similar across the two sectors. And finally, when the figures on technology source of the whole sector is compared we find that software firms depend more for their technology on local expertise and in some cases on a combination of local and foreign expertise such as licensing from clients and buyers relative to hardware firms.
Other sources of technology include hiring of skilled employees, collaboration with universities and public institutes, and reverse engineering. For hardware firms technology source is largely from foreign expertise a nd component suppliers. The two sub-sectors draw equally from joint venture partners, transfer from parent firm and suppliers of equipment.
Triggers and Actors: Empirical and Econometric Analysis of Innovation
Innovation was measured by the number of new product and process development applied by the firms in the past five years. The survey shows that a relatively large percentage of the firms in the sector can be classified as "innovators", as 66 per cent of the firms have been involved in a new product development within the last 5 years of operation, and 76 per cent have developed a new service. Our survey shows that software firms are more innovative than hardware firms (75% versus 37%), small firms than larger ones (70% versus 36%) and those f irms receiving state support tend to be more innovative than those than do not (76% versus 58%). Also hardware firms seem to be more focused on service innovation rather than product innovation. This is not surprising as most hardware activities are based on assembling and distribution of foreign hardware. Table 1 shows the distribution of innovation activities related to new products and services and between different classes and size of firms, those that receive support (Sup) and those that do not receive state support (NSup). The survey also sought to understand the triggers for such innovation; and the extent to which licensing and foreign support through technical training contributed to new product development in the sector. Most of these new products and services were obtained through own in-house development, particularly in the case of software firms, whereas hardware companies rely more often on licensing and foreign technical support (see table 2 ). This pattern of behaviour is not surprising given that computer manufacturing remains in a nascent phase in the country as with much of the region. Approximately one third of the firms tend to innovate at the global level particularly the software firms. This result seems at odds with the lower exporting rate observed for the software sub-sector. However, the reason lies in the fact that much of their innovations were directed at solving local problems needs and their ability to respond creatively to those needs and constraints in the South African and African environments. With innovations driven largely by strong 'localisation' efforts, the incidence of low exports is not so surprising.
On the various factors that help build innovative capabilities, the survey finds that quality control and reverse engineering are the m ajor upgrading paths for the firms surveyed.
Remarkably, 80% of the firms are mostly concerned with the quality control systems, although in the majority of the cases, it is an internal quality control system, based on crossed-staff checks of products before they go into the market. In very few cases (less than 25%) there is an external system of quality control, and even in those cases it is limited to those firms with a parent company or a single customer. The 'other' upgrading factors involve different d imension such as growing interaction with their customers' needs and learning by doing (original brand) (see table 3). Table 4 reports maximum likelihood (ML) estimation results of the probit model that studies the likelihood of being involved in new product development. 5 The estimated coefficients as well as their standard errors are reported in the first pair of columns, while the slope parameters (marginal effects) and their standard errors are reported in the second pair of columns.
Factors Affecting New Product Development
The first pair of columns suggests that, other things being equal, upgrade using original design, the e ffect of government assistance, collaboration, overseas technical training, and competitive challenge from Asia all have a strong and significant effect on the likelihood of a firm being involved in new product development. In addition response to demanding customers in order to conform to higher quality standards has a positive effect, which is not strongly significant. Finally, improved capability through more managerial training and belonging to the hardware sector decreases the likelihood of being involved in new product development.
The second pair of columns shows the magnitude of the effects of the explanatory variables on the likelihood of being involved in new product development. 6 Ceteris paribus, involvement in upgrade activity particularly with regard to original design, access to government assistance, investing in overseas technical training, facing more demanding customer demand with regard to conformity to standards, and facing severe and very severe challenge from Asian competition significantly increase the probability of being involved in new product development by respectively 0.385, 0.259, 0.252, 0.215 and 0.233 (see Table 4 ). In other words competitive pressure is a major inducement to innovate. 
Inter-firm Collaboration in South Africa
This section presents only a descriptive analysis of collaboration, as the sample does not allow the estimation of an econometric model of collaboration. 7 We identify six types of collaboration in the sample, namely collaboration with other firms, subcontractors, industry associations, main suppliers, domestic buyers a nd foreign buyers. Descriptive statistics show that almost 100% of the firms collaborate with other firms and with domestic buyers, 63% collaborate with subcontractors, 57% collaborate with industry associations, 89% collaborate with main suppliers and 54% collaborate with foreign buyers. 
Collaboration with Sub-contractors
The first pair of columns of 
Source: Empirical survey by authors, 2006
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Collaboration with Main Suppliers
The characteristics of collaborators and non-collaborators with main suppliers are reported in the third pair of columns of the table. Collaborators in this category tend to devote more explicit investment to building management capability, in-house and overseas technical training compared with the non-collaborators.
Collaboration with Foreign Buyers
Finally the last pair of columns of the table shows the characteristics of collaborators and non-collaborators with foreign buyers. Firms that collaborate with foreign buyers have on average higher export intensity than those that do not collaborate with foreign buyers.
Furthermore, a larger percentage of collaborators have increased net profit, product innovation, improved capability and overseas technical training.
In sum, the descriptive analysis of collaboration shows that many characteristics of firms that are collaborators and those that are non-collaborators are similar but the partners they choose to interact with results in significant differences in terms of performance behavior. For instance, firm export intensity is higher for firms that collaborate with subcontractors and foreign buyers than those who do not collaborate with those same partners. Also, small-sized firms tend to be the most intense collaborators with industry associations presumably to lobby for greater support as well as benefit from governmental subsidies. Firms that collaborate with subcontractors are also on average older than the non-collaborators, and indulge much more in own product development and capacity development (such as training). This points out to the need for more support for younger, nascent firms in the sector.
State Support and Collaborative Behaviour
From our interviews we find that government support is directed equally towards software and hardware firms. There are a few exceptions in the kinds of support structures. The survey found that targeted innovation incentives, science park/cluster adva ntage, and special support for small and medium enterprises (SMEs) that are directed specifically towards the software sector, 8 while public sector R&D institutions for technical solutions and bank loans are mainly directed towards the hardware sector. In other words, government has had a differentiated approach to the two sub-sectors in addition to the more general macro level support. The main sector-specific governmental initiatives are summarized in Box 1 below.
Box 1: Government Initiatives for ICTs in South Africa
The first attempt to develop a sector-specific initiative can be traced back to the South African Information Technology Industry Strategy (SAITIS), in 1995. There were stakeholder meetings conducted on the SAITIS project and the selection of a group of 37 stakeholders as an Advisory Group to the SAITIS Project. They represented key organizations and agencies with interests in the sector. The outcome was a Project Design Document (PDD) to guide the direction of the project and the establishment of a Project Steering Committee (PSC). 
Source: Empirical survey by authors, 2006.
In addition to these, there are a number of provincial initiatives particularly in Gauteng and Western Cape. In the Gauteng province the government launched the Blue IQ programme in 2002 9 . The first phase of the Blue IQ involved the delivery of 11 strategic projects; the second phase of commercialisation is expected to be dependent on private sector participation. One of these projects was the creation of the Innovation Hub, an ICT incubator and Science Park. The innovation Hub and other similar ICT incubating 8 The fact that special support for SMEs is mainly directed towards the software sector makes sense as firms in that sector are on average smaller than the those in the hardware sector. 9 Through Blue IQ, the Gauteng local government is investing R3.7 billion in 11 projects for "strategic" industries and value-added manufacturing to restructure the composition of the provincial economy. Overall, state policy has been one of non-intervention along with certain innovation incentives; the computer hardware industry has enjoyed some of the lowest tariff levels.
The flip side is the lack of manufacturing depth of the domestic industry, which needs policy initiatives to be in tandem with the needs of the firms and sectoral characteristics.
Especially, given the dominance of a large number of small and medium scale enterprises in the sector, much more than tax holidays are required to sustain the growth and enhance long term competitiveness.
Systemic Collaboration and Performance in Malaysia
In Malaysia, the government established the Kulim and Bukit Jalil high-tech parks in the 1990s although clusters such as Penang have been in existence already twenty years prior to these developments. The Malaysian survey focused the computer and components clusters in Penang and Johor. Few firms are engaged in assembling computers but most of the firms are engaged in computer components (e.g. capacitors, resistors, PCBs, diodes and semiconductor chips) and completely knocked down (CKD) parts (e.g. monitors, keyboards and LCD screens) assembly.
State Support and Patterns of Collaboration
In order to attract high-tech firms engaged in R&D activities to the clusters and the high- Note: Likert scale score of firms (0-5 with from none to highest possible rating); * and ** -statistically significant at 1% and 5% respectively.
Clearly one of the reasons for the relative superiority of Penang is that it was started much earlier and for much of this time there has been a consistent history of investment in the cluster since the seventies. For instance Penang Electronics was the first electronics firm to be started in 1970, followed by Orion and National Semiconductor in 1971.
Investment in Johor however started only from the 1980s. However what marks out the two are the series of explicit investments resulting in the more advanced technical and institutional coordination and knowledge infrastructure that favoured Penang.
Comparative Insights and Conclusions
Technological learning involves not just technical learning but learning to build the right kinds of organizations and to foster the institutional forms within which policies would make the expected impact. In the last three decades we have learnt a great deal about the nature and processes by which latecomer countries acquire capabilities but we also have a long way to go in constructing a framework that systematically takes account of the diverse and increasingly differentiated paths of development being taken by latecomers.
Much has been learnt through firm-level studies (Lall, 1992; Bell and Pavitt, 1995; Hobday, 1995) but there is a growing level of dis-aggregation among latecomers that we need to begin to address them on this basis. For instance most of the current work focus on the success cases of East Asia "advanced" latecomers to understand the reasons and different pathways to success while much less has been done on the lagging ("falling behind") firms and countries. With these countries learning has come to be conceptualized on the strength of R&D carried out and patents taken just as in the case of industrialized countries. In the lagging latecomers, learning is difficult to quantify, measure or even observe because much of the activity, including incremental technical change is experiential and tacit in nature. At a conceptual level, R&D is not equal to innovation as it is as an instrument of learning. Non-R&D activities (prototype building, design and quality testing for instance) tend to consume a much higher proportion of firm-level level investment in new products and processes and this is highly disconnected 
Composition and capabilities accumulation amongst actors
The main actors and capabilities in the computer hardware sector are engineers, and 
